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Foreword 


The Citizens Radio Service is a new and powerful instrument in the 
search for better and more rapid means of communication. The desire of 
decades for a simple “radio telephone” system has at last been achieved. 
Any USS. citizen (over 18) can avail himself of this radio service without 
the necessity of having profound technical knowledge of electronics. Thus, 
the Citizens Service must be thought of in terms of the telephone philoso- 
phy, rather than that of radio. 

Class A and B Citizens Service frequencies (460.05 mc - 466.45 mc) 
have largely been superceded by the newer and more effective Class C and 
D frequencies (26.965 - 27.255 mc). This Handbook covers the construc- 
tion and installation of antennas for these latter frequencies. 

The five watt power level imposed upon transmitting equipment used 
in the Citizens Service restricts the effectiveness of the service to that of 
a toy unless efficient, well designed antennas are used for transmission and 
reception. The antenna, therefore, is the key to the success of the Citizens 
Radio Service. 

Efficient antenna systems, designed for this type of service and easily 
constructed by the layman are shown in this Handbook. No basic knowl- 
edge of electronics or radio is necessary to build them or place them in 
operation. They are simple to assemble, cost but a small sum of money, 
and (best of all) THEY WORK! The proper antenna—chosen with an eye 
to the job it is required to perform—will work wonders with your Citizens 
Radio equipment. Build one of these antennas for best results from your 
Citizens Radio station! 
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Section One 


The Citizens Radio Service 


The Citizens Radio Service concept is unique in the history of radio 
communication. In brief, it comprises certain radio channels (or frequen- 
cies) that are set aside by the Federal Government through the offices of 
the Federal Communications Commission. Any United States Citizen over 
the age of 18 is eligible to employ these channels for his own private use 
provided he holds an authorized Citizens Radio License and uses equip- 
ment of an approved design. Both of these requirements are easily met 
and many men and women of all walks of life are enjoying the benefits 
of their own private “radio telephone” circuit. 


Citizens Radio—How Does It Work? 


The operation of a Citizens Service radio telephone circuit is shown in 
figure 1. Two parties employing approved Citizens equipment are in com- 
munication with each other via the medium of radio. The invisible radio 
waves generated by each transmitter unit pass through the intervening 
distance with the speed of light, carrying the voices of the parties back 
and forth. Each radio telephone set is composed of four sections which 
may be combined in one package: 

1—The radio transmitter. The transmitter generates a radio wave and 

imposes the speaker’s voice upon it. Power input of the transmitter 
is limited by law to 5 watts, approximately equal to the power of 
two flashlamp bulbs. The transmitter is capable of operation on one 
or more crystal controlled channels in the region of 27 megacycles 


(27,000 kilocycles). 
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Fig. 1 Citizens Radio telephone circuit is composed of two radio units, each 
complete with antenna, transmission line, microphone, and power supply. Radio 
waves generated by the transmitters pass between stations and carry voices 
of the parties back and forth. The power input of transmitter is limited to only 
5 watts, and operation is in the band of frequencies of 26.965-27.255 mc. Simple, 
nontechnical license is required for Citizen operator. 


2--The radio receiver. The receiver detects and amplifies the incoming 
radio signal and applies it to a loud speaker or earphone set. Inex- 
pensive receivers are capable of tuning to only one Citizens Radio 
channel; better ones may be tuned to a number of individual 
channels. 
3—The power supply. Both receiver and transmitter require electric power 
which may be obtained directly from batteries or indirectly from the 
a-c house line. 

4-—The antenna. The antenna converts radio energy generated by the 
transmitter to electromagnetic energy capable of transmission through 
space. Conversely, electromagnetic energy in space may be extracted 
by the antenna and converted to a form that can be detected by the 
radio receiver. 

This Handbook concerns itself with item 4, the antenna. This all-im- 
portant device deserves careful study, for your success with the Citizens 
Radio Service depends upon the excellence of your antenna installation. 
The antennas shown in this Handbook need no complicated tuning adjust- 
ments, and will work with any modern-design Citizens-type radio equip- 
ment equipped for use with coaxial feed systems. 
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Section Two 


The Citizens Service Radio Channels 


The Citizens Radio Service channels occupy a small slice of the high 
frequency radio spectrum in the vicinity of 11 meters. The channels are 
identified by their respective frequencies, all of which fall in the 26,965- 
27,255 kilocycle range. This range is also used by various scientific and 
medical devices which can (and often do) cause interference to the Citi- 
zens Service. 

As the various Citizens radio channels lie in a small segment of the 
spectrum, it is possible to design various types of antennas that will func- 
tion well over all channels, just as a single television antenna will operate 
on many television channels. The antennas described in this Handbook 
are for use on any of the various Citizens Radio Service channels. No 
tuning adjustments need be made to the antennas when operation of the 
equipment is changed from one channel to another. 

The Citizens radio channels must be thought of as multiple party lines 
with many parties on each channel. Wedged among the channels are 
signals from qther services employing the same range of frequencies. It 
is not unnatural therefore to expect interference between unrelated stations 
operating on the same channel. In many instances the interfering signal 
may be from a station or a service many hundreds of miles away. Two 
Citizens stations in Bakersfield, California may be suddenly interrupted 
by the conversation of Citizens stations in Trenton, New Jersey, or perhaps 
a Citizens Service in Chicago will be temporarily blocked by spurious 
radiations from an industrial radio furnace in Tacoma, Washington. Per- 
haps a Citizens station in Montana will maintain communication with a 
similar station in Waco, Texas. Vacationists in Yellowstone Park can main- 
tain communication with their apartment in New York City. All these 
voices, and many more will be found on the various channels. 

In theory, the Citizens Service is thought of as a “line-of-sight” com- 
munication link, designed for use over perhaps a score of miles, or less. 
However, the peculiarities of the earth’s atmosphere provide long distance 
radio communication on these channels that is at once both a great 
interest and a great nuisance. For those desiring “point-to-point” com- 
munication the long distance signals are a source of interference. To 
others, they are useful and provide vital long distance communication. 
Long distance radio signals of this general type area result of ionospheric 
reflection (“skip”) which permits communication to be held between sta- 
tions located many hundreds or thousands of miles apart. 
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Ionospheric Reflection 


The action of sunlight upon the atmosphere of the earth creates a layer 
of electrically charged air molecules resting several hundred miles above 
the earth’s surface. Termed the Jonosphere, this layer of ionized air varies 
in height and density from day to night and with the seasons (figure 2). 
In general, radio reflection from the Ionosphere is most prevalent during 
the daylight hours of the colder months. The degree of reflection is greatest 
during years of high sunspot activity and decreases markedly during 
periods of minimum sunspot activity. During the hours of darkness the 
absence of the emanations from the sun permits the ionospheric layer to 
dwindle until it can no longer reflect the Citizens frequencies back to earth 
at a distant point. The signals, therefore pass directly into space gradually 
diminishing to nothingness after thousands of miles of travel. 

The irregularities of ionospheric reflection do not permit wholly reliable 
long distance communication on the Citizens frequencies. The concept of 
Citizens Service was not based upon random long distance communication, 
but rather upon point-to-point communication over line-of-sight distances. 
The extreme range of such a circuit is a function of the height and place- 
ment of the receiving and transmitting antennas. The use of efficient high 
gain antennas can greatly extend the reliability of communications at the 
extremities of such a link as well as to increase the reliability and signal 
strength of ionospheric “skip” communications. 
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Fig. 2 The earth’s atmosphere is composed of three layers, the lowest of which 
is troposphere (weather layer). The stratosphere (constant temperature zone) is 
next, extending to a height of about 40 miles. Above this is the ionosphere which 
is the region of reflection of radio signals. This layer is about 200 miles thick, 
extending to height of approximately 250 miles. 
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Section Three 
Antennas for the Citizens Service 


As with other classes of radio service the key to improved Citizens 
Service communications is to be found in the antenna. Generally speaking, 
the antennas for Citizens Service follow the same design as those for other 
services, In many instances however the user of the Citizens Service does 
not possess the radio test equipment, nor does he have the technical knowl- 
edge to install and adjust complicated antenna systems. Satisfactory an- 
tennas for this type of service must therefore be preadjusted devices 
requiring no complicated tuning procedures nor time consuming alignment 
operations. All the antennas described in this Handbook meet these re- 
quirements. Once they have been assembled and placed in the operating 
position they are “ready to go to work.” 

Citizens Service antennas may be classified in two groups: general cover- 
age antennas and directional antennas. The type of antenna you choose will 
depend somewhat upon the requirements of your service. In some instances 
it might be well to use two different antennas, each selectable by means of 
a switch located at the position of the radio equipment. 


General Coverage Antennas 


General Coverage antennas radiate and receive radio energy in all direc- 
tions of the compass. Certain vertical antennas (the ground plane and the 
cobra, for example) and the horizontally mounted turnstile antenna are 
general coverage antennas. These antennas should be used when it is 
desired to maintain communication with locations scattered at random about 
the Citizens Service station. Radio signals are radiated from antennas of 
this type much as ripples spread from a stone cast into a quiet pond. On 
the other hand, a general coverage antenna leaves the Citizens station 
vulnerable to radio interference from all points of the compass as it pro- 
vides no discrimination between signals arriving from different directions. 


Directional Antennas 


Directional antennas radiate a maximum of energy in a favored direction 
at the expense of radiation in other directions. This type of antenna (com- 
monly called a beam antenna) concentrates the radio wave into a single 
broad lobe which may be “aimed” in the desired direction by adjusting 
the position of the antenna, With proper design the energy radiated in 
the desired lobe may be made many times greater than the amount radi- 
ated in other directions. This faculty of “signal magnification” (termed 
power gain) is of great benefit as it enhances the wanted transmission and 


10 ANTENNAS FOR CITIZENS SERVICE 


/ 


DIRECTION 
OF 


MAXIMUM 
FIELD 


RADIATION FROM RADIATION FROM 
GENERAL COVERAGE BEAM ANTENNA 
ANTENNA 


Fig. 3 General coverage antenna radiates energy in all directions as shown 
at left. The beam antenna concentrates radiation in one direction at the expense 
of radiation in other unwanted directions as shown at right. 


reception path and at the same time attenuates unwanted signals from 
stations off the path. In many instances the use of beam antennas permits 
reliable communication over a path that would be unusable if general cov- 
erage antennas were employed (figure 3). 

An example of a beam antenna is the simple and highly effective parasitic 
antenna described in this Handbook. Many other types of beam antennas 
are used for radio communication purposes but none have the happy 
combination of high power gain and ease of installation that are the great 
features of the parasitic array. 


Section Four 


The Antenna Assembly 


Any radio antenna be it a piece of wire draped between two supports 
or a complex directional array is composed of two parts, the radiating 
system and the feed line. When each is designed to work with the other 
the antenna will function in an efficient manner. The radiating system 
comprises the antenna itself and any directional elements associated with 
it. These portions of the installation are made of copper wire or aluminum 
tubing and are supported and held in the proper position by insulators 
(usually made of glass, porcelain, or wood). At some point in the radiating 
system radio energy is introduced by the feed line which may be thought 
of as a “radio hose” capable of efficiently conducting the radio energy 
from the transmitter to the antenna, or from the antenna to the receiver. 
By far the most efficient and economical type of “hose” (commonly called 
a transmission line) is the coaxial cable (figure 4). The “co-ax” consists 


THE ANTENNA ASSEMBLY 11 


of a single conductor surrounded by an insulating jacket, over which is 
woven a flexible, metallic shield. The shield prevents the radio energy 
from escaping from the center conductor. A tough, vinyl jacket moulded 
about the metallic shield protects the cable from rough handling, moisture, 
and dirt. Many types of coaxial line are manufactured, and the proper 
types for use with each antenna shown in this Handbook are specified, as 
the use of improper line would greatly curtail the efficiency of the antenna 
installation. 


Antenna Resonance 


Modern receivers employing high gain tubes can snatch radio signals 
out of the air even when handicapped by a poor antenna such as a 
random length of wire flung across the room. To achieve best results in 
either transmission or reception the antenna should be mounted high and 
in the clear and should be in a resonant condition. The state of resonance 
implies a fixed relationship between the size of the antenna and the size 
of the radio wave to be used with it. When the antenna size is a simple 
ratio to the size of the radio wave (usually one-half as large, equal to, or 
twice as large as the wave), the antenna is said to be resonant to that 
particular wave. As the size (length) of the radio wave and its frequency 
may be expressed in terms of one another in a simple formula it can be 
seen that an electrical half wavelength for the Citizens Service is approxi- 
mately seventeen and one-half feet. Antennas of great complexity may be 
built up from 1714-foot “building blocks” if desired. In practice, the actual 
physical length of the antenna may be slightly shorter than the calculated 
electrical length as the former is influenced by the choice of building 
material used for the antenna, the actual physical shape of the antenna, 
and the influence of nearby metallic objects. 
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Fig. 4 The feedline is a “radio hose” CONDUCTOR far 
which efficiently conducts the radio 
energy from transmitter to antenna, 
or from antenna to receiver. Coaxial 
cable is commonly used for Citizens 
Radio installations. This cable con- 
sists of a copper conductor surround- 
ed by plastic insulating jacket over 
which is woven a flexible shield 
which prevents escape of the radio 
energy. Vinyl outer jacket protects 
cable from rough handling. 
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Antennas that are electrically nonresonant require expensive and com- 
plicated auxiliary tuning units to create a state of electrical resonance. 
Such tuning units are not required with the antennas discussed in this 


Handbook. 
Section Five 


Antenna Installation 


The Citizens Service antenna should be placed as high and as in the 
clear as possible. It should be kept clear of nearby metallic objects such 
as drain pipes, rain gutters, telephone wires, and electric cables. Any 
large, metallic objects within a dozen or so feet of the antenna will pro- 
duce profound alterations of the characteristics of the antenna. The radia- 
tion pattern of the antenna can easily be distorted in such a case and 
antenna efficiency may be gravely impaired. Metallic objects at moderate 
distances from the antenna may produce minor alterations of the character- 
istics of the array but will not necessarily affect the operation of the an- 
tenna. Trial and error movement and adjustment of the antenna placement 
in situations where nearby objects cannot be avoided must often be done 
to ensure that the influence of the adjacent objects is at a minimum. Proper 
choice of antenna site will pay big dividends in better communication 
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Fig. 5 Inexpensive “slip-up’’ TV mast and guy wires may be used for practical 
Citizens Band antenna. Guy wires should be broken every ten feet or so with 
egg insulators to prevent interference with proper antenna operation. 
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Obviously, the ideal location for the antenna is well in the clear atop 
a tall tower with no nearby objects to block the radio horizon. In many 
installations, particularly those in urban areas this is a fond hope rather 
than a realization. Study your particular antenna site and try to place 
the antenna in the best possible situation. 


Guy Wires 


Bracing wires used to support and steady an antenna installation are 
called guy wires. In most cases, galvanized iron wire is employed for this 
service as it is strong and inexpensive. To prevent guy wires from distort- 
ing or altering the pattern of the antenna it is very necessary to break the 
guys into isolated sections that are nonresonant at the frequency of antenna 
operation. Special clever ceramic insulators (egg insulators) are made for 
this purpose. The guys should be cut into lengths of approximately ten 
feet and are then spliced together with the egg insulators as shown in 


figure 5. 
Section Six 


A Dipole Antenna for the Citizens Service 


The dipole antenna is a simple and efficient installation that is highly 
recommended as a “first” antenna for the user of the Citizens Radio Service. 
It is relatively nondirectional, providing a maximum of radiation at right 
angles to the wire, and a minimum off the ends. (A pattern of this type 
is termed a “figure-8” pattern.) For best results therefore the dipole should 
be placed broadside to the desired direction of communication. Mounted 
in a horizontal position twenty or more feet above the ground, this antenna 
will provide satisfactory results for most Citizens stations. 

A complete ready-to-use Citizens Service dipole antenna is shown in 
figure 6, together with all important dimensions. The assembly consists of 
the dipole (A), a coaxial feedline (B) to connect the dipole to the radio 
station, and a simple balancing sleeve (C) mounted at the “antenna end” 
of the feedline. The complete installation is easily and quickly built, and 
the cost of components is comfortably low. 


Antenna Assembly 


A complete list of components required to construct this dipole antenna 
is given in the footnote of figure 6. The wire portion of the antenna is 
made first. The twenty-foot length of enamel wire is first cut into two nine- 
foot, four-inch sections and the enamel insulation is carefully scraped from 
each end of the two wires for a distance of eight inches. Use a jack-knife 
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Fig. 6 Ready-to-use dipole is an excellent antenna for general Citizens Service 
use. Coaxial feedline and balancing sleeve (C) permit use of this antenna with 
any Citizens equipment. Antenna is supported at ends with glass insulators 
and rope. Components required for construction are: Three glass insulators, 
twenty feet of #12 enamelled copper wire, seven feet of braided metallic sleev- 
ing (/2-inch inside diameter, Belden 8669 or equivalent), enough 52 ohm line 
(RG-58/U or equivalent) to reach from the antenna to the transmitter, small roll 
of vinyl electrical tape (Scotch #33 or equivalent). Rules governing Citizens 
Radio Service restrict height of antenna installation to twenty feet above sur- 
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and do a good job, making sure that all the enamel is removed from the 
surface of the copper wire. Now, one end of each wire is passed through 
a hole of the center antenna insulator (E) for about four inches. Each end 
is now folded back around the insulator end and twisted back upon itself 
as shown in the drawing. Glass insulators (D and F) are now passed over 
the ends of the wires which are then wrapped back upon themselves as 
described previously. Each half of the dipole should be 8’ 8” long, and 
the exact position of the end insulators may be adjusted to make the 
lengths come out to this figure. A hot, clean soldering iron and a bit of 
rosin core solder are used to solder each joint. Soldering hints and informa- 
tion will be found in the last chapter of this Handbook, and it is suggested 
you read it carefully before you solder the antenna joints. Once these 
connections have been made, the dipole portion of the antenna is completed. 


Transmission Line Assembly 


The coaxial line is now prepared. The line should be of sufficient 
length to reach from your radio equipment to the center insulator (E) 
of the antenna. In addition, the length should be chosen so that the line 
can drop vertically down beneath the antenna and not be taken off at 
some angle to the dipole. Running a portion of the transmission line 
parallel to the dipole is “bad medicine” and is not to be recommended. 

One end of the coaxial line must bé prepared for attachment to the 
antenna. Using the point of a sharp knife slowly and carefully cut a short 
slit down the outer plastic sheath of the cable starting from the end. Be 
careful not to cut through or nick the tiny wires of the outer metallic braid. 
Once the slit is started the blade of the knife may be inserted between 
the sheath and the braid, with the cutting edge of the knife towards the 
sheath. This will prevent damage to the braid. Slowly and gently press 
the knife along the cable, slitting the sheath as you move the blade. You 
should make a slit in the sheath about eight inches long. When the cut is 
completed the sheath may be peeled back from the braid and severed from 
the cable at the end of the eight inch cut. 

The next step is to unbraid the exposed portion of the metallic braid. 
The sharp point of a nail or an ice-pick is an ideal instrument for this job. 
The shield is carefully unbraided back to the edge of the outer sheath, 
exposing the inner conductor with its polyethylene jacket. You may now 
twist the braid tightly into a “pig tail” which can be used to support the 
weight of the cable. 

The last step in preparation is to remove the jacket from the inner con- 
ductor to within an inch of the “pig tail.” This is easy to do if you follow 
the correct procedure. The polyethylene insulation grips the center con- 
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ductor tightly, but short two-inch segments may be cut and slid off the 
wire quite easily. Using a sharp knife, cut slowly into the jacket until the 
blade just reaches the center conductor. Trying not to “nick” the conductor, 
slowly rotate the knife about the jacket until it is cut in two. Cut off two- 
inch segments one at a time until the wire is exposed to within one inch 
of the “pig tail.” 

The end of the transmission line is now ready to attach to the dipole 
(figure 6). Pass the center conductor of the line through one hole of the 
center antenna insulator (E) and the “pig tail” lead through the opposite 
hole. Draw the cable closely up against the insulator. Wrap the two leads 
tightly about the respective antenna wires, over the soldered connections. 
If you are smart, you will allow a little slack in the center conductor lead 
so that the weight of the line is held by the “pig tail” connection. Solder 
each joint securely with a hot iron. When you have finished, wrap the end 
of the coaxial line securely with vinyl electrical tape to ensure a waterproof 
joint as the coaxial line can be damaged by moisture seeping down the 
inside of the line. A foot or so of tape securely wrapped about the cable 
end will eliminate this trouble before it has a chance to start! 


The Balancing Sleeve 


To achieve proper current distribution in the dipole it is necessary to 
place a simple balancing sleeve over the coaxial transmission line just below 
the antenna connection. This sleeve consists of a seven-foot length of flexible, 
braided, metallic sleeving slipped over the outer jacket of the line and 
held in place with vinyl tape (figure 6). The “top” end of the sleeve 
reaches to within an inch or so of the “pig tail” lead but makes no connec- 
tion to it or to the antenna. The “bottom” end of the sleeve makes electrical 
connection to the shield of the coaxial line in this manner: Smooth the 
sleeve braid out and pass it over the coaxial line, starting at the open end 
of the line. Bunch the braid slightly to enlarge its diameter and guide it 
over the end of the line. Once the entire length of braid is on the cable 
you can easily slip it up to the antenna end of the line. Trim the “top” 
end of the braid with a scissors to make it even and tape it securely to 
the outer jacket of the cable so that the end of the braid is about one inch 
below the termination of the “pig tail.” Smooth the braid down along the 
line until it makes a close fit, wrapping it every six inches or so with 
several spiral turns of vinyl tape. The “bottom” end of the braid is now 
trimmed smooth. The next step is to take a three-inch length of scrap 
antenna wire and scrape the enamel insulation from it. Wrap one end of 
the wire about the bottom of the braid, folding the last quarter inch or 
so of the braid back over the wire. Solder this connection with a clean, 
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hot iron. Make sure that you do not melt the plastic jacket of the cable 
during this operation! 

You must now attach this lead to the outer shield of the coaxial trans- 
mission line. This is how you do it: Using your sharp knife, gently slit 
the plastic outer jacket of the line about one-half inch below the bottom 
end of the balancing sleeve. Carefully remove a ring of insulating material 
about one-half inch wide from the cable exposing the metallic shield. Be 
careful not to cut the fine wires of the shield. Now, wrap the wire lead 
about the shield as shown in the drawing. Finally, solder this joint. The 
soldering operation should be done quickly to prevent the polyethylene 
inner jacket of the cable from melting. Use a hot soldering iron with a 
sharp pointed tip. Heat the wire, not the shield, allowing the heat to flow 
from the wire to the shield. Touch the wire with solder and quickly flow it 
over the adjacent shield until a good connection is made completely around 
the cable. When the joint is completed, wipe it with a damp rag to remove 
the excess heat. Finally, wrap the joint well with vinyl tape to protect it 
from the weather. 

You can now attach the correct coaxial plug to the free end of the 
coaxial transmission line. Choice of plug depends upon the matching an- 
tenna receptacle mounted on your Citizens radio equipment. When this is 
done your antenna is ready to place in operating position. 


Erecting the Dipole Antenna 


The dipole antenna may be supported by lengths of rope attached to 
the open “eyes” of the end insulators. It should be erected in a broadside 
position to the desired direction of transmission, as high in the air and 
as in the clear as possible. A minimum height above ground or nearby 
objects of twenty feet is recommended. The dipole wire should be hori- 
zontal with the feedline dropping vertically beneath the antenna for ten 
feet or so before it is led away at an angle. The feedline itself is water- 
proof as long as there is no break or cut in the outer jacket. It may be 
attached to the building, or even run underground with no effect on 
antenna operation. Under no circumstances should nails be driven through 
the line to anchor it in position. Special insulated screw-eyes and other 
hardware are available at television and radio stores to facilitate clamping 
the coaxial line to the building if it is so desired. 


Bringing the Transmission Line Into the House 


Passing the coaxial line through an open window is a quick and easy 
means of bringing it into your house. This is a temporary expedient as 
the window cannot be closed tightly over the line without injuring it. A 
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pane of glass may be removed from the window and can be drilled to 
pass the cable and the plug. A one-inch hole in a corner of the pane will 
do the job. For a more permanent installation it is necessary to drill a 
hole through the wall to pass the cable. Under no circumstances should the 
transmission line be cut to permit the use of “TV-type” or “radio-type” 
lead-in devices, as they simply will ret work with this special transmission 
line. In any case, it is wise to place the radio equipment near the point 
the cable passes through the wall of the house to keep the length of cable 
within the house to a minimum. 


Antenna Maintenance 


Once the antenna is erected it requires little additional care. It should 
be lowered every six months or so and the accumulation of dirt and 
grease cleaned from the glass insulators. In locations having heavy con- 
centrations of smoke, “Smog,” or moisture in the atmosphere the insulators 
may have to be cleaned every three months or so. Make sure that the 
supporting ropes are always tight so that the antenna does not sag or flop 
violently in a wind. Constant flexure of the coaxial line may in time cause 
breakage of the fine wires of the outer shield. A good, “ship-shape” in- 
stallation will add years of operating life to this or any other antenna. 


Section Seven 
The “T”’-Dipole 


In many locations it is necessary to support the Citizens antenna from a 
single point such as the top of a mast or pipe. The dipole can easily be 
adapted to such an installation by making the horizontal sections of self- 
supporting aluminum tubing rather than flexible wire. Such an assembly 
is shown in figure 7. Electrical characteristics and operation of this design 
is the same as that of the wire antenna described in the previous section. 
The use of tubing makes an installation that is rugged and capable of being 
mounted on a single support much in the manner of a television antenna. 


Antenna Assembly 


O/F 


Two 8’7” lengths of 34” diameter aluminum tubing are required. An 
inexpensive and satisfactory product is the new electrical conduit (EMT 
tubing) available at electrical supply stores in ten foot sections of aluminum 
or steel. The aluminum tubing should be used. Any other grade of hard- 
drawn aluminum tubing may be employed. Your first step is to cut each 

ers 


tube to an over-all length of 8’7. File the cut ends to smoothness and 


then thoroughly clean the tubes with sandpaper to remove dirt or scale. 
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Fig. 7 Dipole antenna made of aluminum is self supporting and requires only 
a single center support. Components required for construction are: Two 10’ 
lengths of EMT aluminum electrical tubing, ¥/-inch inside diameter, one length of 
wood dowel rod, 44-inch diameter and 14” long, four 6-32 machine bolts (1” long) 
with nuts and washers, one piece plywood, 14x 14x 2", enough 52 ohm 
coaxial transmission line (RG-58/U or equivalent) to reach from the antenna to 
the transmitter, seven feet of braided metallic sleeving (/2-inch inside diameter, 
Belden 8669 or equivalent), a small roll of vinyl electrical tape (Scotch #33 or 
equivalent), a small can of aluminum paint, a small can of varnish, sandpaper, 
plus miscellaneous mounting hardware. 
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They are now given two coats of aluminum paint. 

While the paint is drying the supporting structure can be assembled. 
The two tubes must be held in line but they should neither touch each 
other nor touch any metallic supporting structure. The tubes may be held 
together as shown in the illustration by the use of a 14” wooden plug onto 
which the inner ends of the tubes are driven. The plug may be a section 
of dowel rod or a small portion of broomstick whittled to the proper 
diameter to effect a tight fit within the tubes. Give the plug two good coats 
of waterproof varnish before the tubes are driven on it. To prevent the 
assembly from coming apart in windy weather holes should be drilled 
through the tubing and dowel as shown in the drawing. Galvanized bolts 
are passed through the holes locking the tubes firmly to the wooden plug. 
The inner bolts (M) on each tube will also be used as attachments for the 
coaxial feedline, thus it is necessary to make sure the bolts make a good 
electrical connection to the tubes. Scrape the aluminum paint from the 
tubes around the bolt holes and thoroughly clean this area with sandpaper. 
After the feedline is attached the joints should be wrapped with vinly tape 
to protect them against the weather. 


Antenna Mounting 


The dipole is now complete and ready to be placed in operating position. 
The coaxial feedline and matching sleeve are made up as described in the 
previous section and the “pig tail” and center conductor of the feedline 
are firmly attached to the dipole by means of the mounting bolts (M), 
Several types of coaxial line have a center conductor made up of many 
strands of wire. It is a good idea to twist these wires firmly and tin the 
center conductor making it a single lead rather than a stranded one. 

It is necessary to insulate the dipole assembly from a metal support, On 
the other hand the dipole may be bolted directly to a wooden structure. 
In either case the problem of mounting is greatly simplified if the dipole 
is bolted to a triangular mounting plate (P) which in turn can be bolted 
to the support, A satisfactory plate may be made from a piece of one-half 
inch plywood measuring fourteen inches on a side. Give the plate two 
coats of outdoor varnish to protect it from the weather. Be sure to seal 
the edges of the plywood with liberal applications of varnish or the plate 
will tend to split open after a short exposure to wind and rain, The plate 
can be bolted to the dipole using the set of bolts that hold the dowel rod 
in place or additional holes may be drilled through the assembly for the 
extra mounting bolts, 

The plywood plate is easily nailed to a wooden mast, or “TV-type” 


tower. U-bolts may be used to affix it to a metal tower mast. Make sure 
that neither the metal hardware nor the mast touch the aluminum tubes 
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or the mounting bolts of the dipole. As in the case of the wire array, the 
“T-Dipole” should be placed broadside to the direction of use. 


Section Eight 


A Simple Turnstile Antenna for the 
Citizens Service 


The dipole antenna described in the previous section has a “figure 8” 
pattern having the main radiation lobes broadside to the line of the wire. 
Radiation off the ends of the wire is virtually nil as was shown in the 
assembly diagram. Two horizontal dipoles placed at right angles will pro- 
vide a virtually nondirectional pattern, the radiation field of one antenna 
filling in the null of the other. Two such dipoles properly interconnected 
are called a turnstile antenna (figure 8). 


Antenna Assembly 


The turnstile antenna may be made of copper wire as described in the 
case of the dipole however it is necessary to employ four supports instead 
of two. This complication may be avoided by constructing the turnstile 
elements of lengths of aluminum tubing that are self-supporting. When this 
technique is used a single center pole may be employed to support the 
complete antenna structure as described in the previous section. 

Two dipoles made up as shown in the previous section are used mounted 
at right angles on the supporting mast, one above the other, If a metal 
mast is employed care should be taken that the mast does not make elec- 
trical contact with either of the dipoles. 


The Transmission Line System 


It is important that the dipoles of the turnstile antenna receive radio 
energy in the proper sequence or the operation of the array will be 
severely hampered. It is necessary therefore to employ a length of parallel 
wire “T-type” ribbon line as a matching section between the dipoles, and 
also a length of special coaxial line as a second matching section placed 
between the dipoles and the common coaxial transmissjon line, The inter- 
connecting matching section is a piece of “75 ohm, TV-type ribbon line” 
(segment A, figure 8). One dipole is connected to the transmission line 
by means of a section of 52 ohm coaxial cable (segment B) which serves 
as a matching section and balancing sleeve, This, in turn, is connected to 
the 72 ohm coaxial transmission line (segment C) which reaches to the 
radio equipment. The use of proper line lengths for segments A and B 
ensure that antenna operation is correct. 
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Fig. 8 The turnstile antenna provides a nondirectional pattern suitable for gen- 
eral use. Dipole sections form a cross, mounted in horizontal plane. The com- 
ponents required for construction are: Four 10’ lengths of EMT aluminum elec- 
trical tubing, %4-inch inside diameter, two lengths wood dowel rod, 34-inch 
diameter and 14” long, eight 6-32 machine bolts (1” long) with nuts and washers.. 
two pieces plywood, 14‘ x 14x 2", one piece 72 ohm “‘TV-type ribbon” trans- 
mission line 6'7’ long (Belden 8222 or equivalent), one piece 52 ohm trans- 
mission line 6‘ 7” long (RG-58/U or equivalent), seven feet of braided metallic 
sleeving (12-inch inside diameter, Belden 8669 or equivalent), enough 72 ohm 
coaxial transmission line (RG-59/U or equivalent) to reach from the antenna to 
the transmitter, small roll of vinyl tape. 
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Line Segment A. The two wire ribbon line is cut to a length of 6’7” and 
two inches of insulation are removed from each end of the line, exposing 
the copper wires. The ends of each wire lead are now tinned with a solder- 
ing iron to give them strength and to prevent the fine wires from un- 
ravelling. This segment is now connected between the inner tips of the 
dipole in this fashion: One end of the line is attached to the inner mounting 
bolts (D and F) of dipole #2. The opposite end of the line is attached to 
the similar bolts of dipole #1. Observe in the drawing that the line should 
not be twisted or transposed or the wrong connections will be made to 
the lower dipole. Make sure that section 1 of dipole I is connected to sec- 
tuon I of dipole 2 by tracing along the wires of the line segment. When the 
connections have been made, the line may be coiled up into a roll about 
12” in diameter and taped to the supporting structure between the dipoles. 

Line Segment B. A section of 52 ohm coaxial cable 6'6” long is required 
for this matching and balancing section. Strip the outer vinyl insulation 
from each end of the line for a distance of three inches as described in 
a previous section. Unbraid the outer shield and form a “pig tail” at each 
end of the line. Finally remove the insulating jacket from the center con- 
ductor, exposing two inches of conductor. The preparation of the opposite 
end of the line should wait until the balancing sleeve has been slipped over 
the outer jacket of the line. This sleeve is made of a 5’ 10” length of flexible, 
braided, metallic sleeving prepared as described in section Six. One end 
of the braid is trimmed to within an inch of the coaxial “pigtail” but no 
connection is made to it (call this end the “top” of segment B). The braid 
is smoothed down the line and the “bottom” is temporarily taped until the 
second “pig tail” is completed on the coaxial line. When this job is done, 
the sleeve is trimmed to within one inch of the “pig tail” and a scrap of 
Wire is wrapped about the end of the braid and soldered to it as described 
previously (call this end the “bottom” of segment B). The wire lead is 
now soldered to the “pig tail” at the bottom of the segment. Finally, wrap 
the sleeve with vinyl tape every six inches or so along the length to hold 
it in position. Segment B is now completed, and the top end should be 
attached to mounting bolts D and F of dipole #2, in parallel with seg- 
ment A. All joints are wrapped with vinyl tape to protect the installation 
against moisture. 

The Transmission Line (Segment C). One end of the 72 ohm coaxial 
transmission line is prepared with a “pig tail” connection as previously de- 
scribed and connected to the bottom end of segment B. The two inner line 
conductors are twisted about themselves, the joint is soldered, and finally 
wrapped with vinyl tape. The “pigtails” are now twisted together and 
soldered and the whole joint given a second wrapping of tape to make it 
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waterproof. The proper plug for your particular equipment is placed on 
the opposite end of the transmission line. The antenna is now complete. 


Erecting the Turnstile Antenna 


The triangular mounting plates of the dipoles may be nailed or bolted 
to a vertical “four-by-four” wooden post or clamped to a metal TV mast 
structure. Other mounting arrangements will no doubt suggest themselves 
to fit particular installations. As mentioned previously, it is important that 
the metallic supporting structure and clamps touch neither the dipoles nor 
the hardware of the antenna. The dipoles lie in a horizontal plane and 
are at right angles to one another. Make sure that ‘the two proper dipole 
tips are adjacent. The assembly should be placed as high in the air and 
as well in the clear as possible. 


Operating and Maintenance 


Most Citizens Radio equipment is designed for use with either 52 ohm 
or 72 ohm transmission line so that the use of the higher impedance line _ 
does not affect the operation of the equipment in any way. In some 
instances the equipment instruction manual calls for the use of 52 ohm 
line without mentioning the possibility of employing 72 ohm line in its 
place. Even so, the station may be used with the latter type of line with 
no danger to the equipment and with no decrease in the operating efficiency 
of the set. 

Little maintenance is required of this antenna installation other than 
repainting the aluminum tubes every year or so. Care should be taken 
that the center dowel rod is not coated with aluminum paint. Only varnish 
should be employed at this point. The mounting plate should also be given 
an occasional coat of varnish to protect the wood. 


Section Nine 


The Ground Plane Antenna 


The ground plane (vertical) antenna has many attributes that make it 
popular for Citizens Radio Service. It is inexpensive and easy to build, 
occupies but little space, may be held aloft with a single support, and is 
well suited for communication with mobile stations employing vertical 
“whip” antennas. For local and line-of-sight contacts both ends of the radio 
circuit should employ antennas mounted in the same plane (i.e.: vertical to 
vertical, or horizontal to horizontal) for greatest communication reliability. 
In long distance ionospheric skip communication the orientation of the 
antennas is not important as the “polarity” of the radio signal looses its 
identity after being reflected from the ionosphere. 
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Fig. 9 Ground plane is popular antenna for communication with mobile stations. 
Components required for construction are: One 10’ length of EMT aluminum 
electrical tubing, %-inch inside diameter, two TV-type U-bolts, 40’ of #12 
enameled copper wire, four strain insulators, sufficient #14 galvanized iron wire 
to complete the guys, enough 52 ohm coaxial transmission line (RG-58/U or 
equivalent) to reach from the antenna to the transmitter. 


Since the great majority of mobile stations employ vertical antennas it 
is to the advantage of the fixed station to employ a vertical antenna for 
communication with mobile stations. The ground plane antenna is excellent 
for this type of work. 

Vertically polarized antennas such as the ground plane have the dis- 
advantage that they are more sensitive to man-made interference than are 
the horizontal types such as the dipole or turnstile. If the Citizens antenna 
is placed near heavily travelled highways or in areas subject to interference 
from motors, neon signs, etc. the use of the horizontal antenna will help to 
minimize pickup of such interference. 
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Antenna Assembly 


A simple ground plane antenna consists of a quarter-wave vertical rod 
mounted atop an electrical ground surface composed of four quarter-wave 
semi-horizontal wires or rods (figure 9). The ground plane wires (radials) 
of the antenna may “double in brass” and act as guying supports for the 
assembly which can be mounted at the top of a wooden “two-by-two” mast, 
or atop a light duty TV tower. 

The vertical portion of the antenna is made of a section of aluminum 
electrical conduit (EMT tubing) or other hard-drawn aluminum tubing 
of 34” diameter. It is cut to a length of 8’7” and two small holes are drilled 
near one end so that it may be nailed to a wooden mast or support. If a 
metal tower is used the mast is reduced in length to two or three feet and 
is bolted or strapped to the tower, thus serving both as a support and an 
insulating medium. The wooden mast should be given two coats of varnish 
to protect it from moisture. 

Four 9’ 6” radials are next made up of enameled copper wire. Clean the 
insulation from both ends of the wires for a distance of six inches. One 
end of each wire is passed three inches through the eye of a strain insulator 
and the wire is looped back and twisted upon itself. Each joint is soldered. 
The opposite ends of the four wires are twisted together for a distance of 
three inches, soldered into a single heavy lead, and firmly fastened to a 
nail driven into the wooden mast an inch or so below the lower end of 
the aluminum tube. If the radial wires are also to act as guys or supports, 
it is a good idea to take a short length of wire, loop it around the wooden 
mast just below the nail and wrap the ends around the joint of the radials 
to serve as a “safety wire” if the nail should pull out. This added_pro- 
tection will in no way hinder the operation of the antenna as long as the 
safety wire touches neither the vertical tube nor the metal mast. 

The last step is to attach the 52 ohm coaxial transmission line to the 
antenna. One end of the line is prepared in “pig tail” fashion as described 
previously. The center conductor of the line is tinned with solder and firmly 
bolted to the base of the aluminum tube, making sure that the surface of 
the tube is cleaned of paint and scale at the point of connection. The “pig 
tail” of the line is soldered to the common joint of the four radial wires. 
The joints are wrapped with vinyl tape and the antenna is completed. 


Erecting the Antenna 


The ground plane antenna should be placed in a vertical position and 
the four radial wires are fanned out beneath it in a symmetrical manner. 
They are adjusted so that they drop down at about a 45 degree angle (not 
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critical) to the horizontal plane. Galvanized iron wire is passed through 
the free “eyes” of the strain insulators to lengthen the radials so that they 
may be used as guys for the mast. The coaxial transmission line should 
drop down from the base of the vertical tube until it clears the bottom of 
the radials after which it may be led away in a horizontal direction, if 
desired. 


Operation and Maintenance 


The ground plane antenna is essentially nondirectional and may be used 
with success on line-of-sight or ionospheric skip contacts. Care should be 
taken to keep the radials tight so that the antenna does not vibrate in a 
wind, and the aluminum tube should be given a coat of aluminum paint 
on occasion, especially if the antenna is located close to the sea. 


The Use of Tubing Radials 


Aluminum tubing may be substituted for the wire radials of the ground 
plane if it is desired to make a self-supporting array. Tubing smaller than 
vy" diameter should not be used as smaller sizes become “floppy” in a 
heavy wind. The tubes are cut to the same length as the radial wires, and 
may be held in position to the wooden mast with the aid of long wood 
screws. One radial is mounted on each of the four sides of the block. The 
center ends of all radials are connected together with a short length of 
copper wire that is soldered to the “pig tail” of the coaxial line. 

It must be remembered that it is practically impossible to make a soldered 
joint to aluminum, and that all electrical connections must be of the pressure 
type. To ensure a good electrical joint, the aluminum should be well 
cleaned before the wire is bolted to it. To prevent galvanic action between 
the wire and the tube, the joint should be wrapped with vinyl tape. Moisture 
is the great enemy of electrical joints, and care should be taken to keep 
it away from such connections. 


Section Ten 


The Cobra Antenna 


The Cobra (vertical) antenna is shown in figure 10. It consists of a 
quarter wave vertical wire antenna suspended at the top by an insulator 
and a length of rope hung from a convenient tree or other support. The 
antenna is fed at the bottom end by a coaxial transmission line. A quarter 
wave section of this line serves as a balancing sleeve, actually making the 
antenna a modified vertical dipole. The lower end of the sleeve is isolated 
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Fig. 10 Cobra ground plane is simple, compact, and inexpensive antenna for 
Citizens Service. Antenna is composed of %4-wave vertical whip, with a Y%4-wave 
sleeve beneath it, formed of portion of transmission line. Decoupling coil at base 
of sleeve isolates antenna from transmission line. Components for construction 
are: Glass insulator, 10’ of #12 enameled copper wire, random length of 52 ohm 
coaxial line (RG-58/U), one coaxial plug PL-259A, two pieces plywood 
(6"x5"x2"'), Cut slots along center lines of plywood pieces so that they mesh 
together as shown in the illustration. 


from the rest of the transmission line by means of a resonant coil formed 
from a coiled portion of the transmission line. 


The decoupling coil is wound on an “X-frame” made of thin plywood 
or other nonmetallic material. You can even use stiff cardboard for this 
purpose. A wooden dowel rod or post passes through the center of the 
coil and the X-frame is nailed to it. The ends of the coil are firmly lashed 
to the dowel as shown in the illustration to provide a rigid support for 
the coil form and also to take the weight of the transmission line off the 
coil itself. The coaxial line above the coil is trimmed to the skirt length 
for the band of operation and a coaxial plug (type PL-259-A) is placed on 
the end of the line. The threaded retainer ring is not used and it should 
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be discarded before the plug is soldered in place. Carefully solder the 
braid to the outer shell of the plug through the four small solder holes in 
the plug. Use a very hot iron with a small tip. Do this operation quickly 
so as not to melt the insulation of the coaxial line. Finally, solder the 
center wire of the cable to the pin of the plug. 

Next, cut a piece of wire to the correct length for the whip, allowing a 
few spare inches for terminating the top of the antenna to the supporting 
insulator. Solder one end of the whip to the center pin of the coaxial plug, 
wrapping the wire several times around the’ pin to make a good mechanical 
joint. Attach the top insulator to the whip at the correct point to resonate 
the whip, wrap the wire back upon itself and solder the joint. 

The last step is to wrap the center joint securely with vinyl tape to 
waterproof it. When completed, the “Cobra” can be hoisted into a handy 


nearby tree. Toss a stone attached to a light string over a high branch 
and use the string to pull up a rope to which the Cobra antenna is attached. 
The whip, skirt, and decoupling coil should lie in a vertical line one below 
the other for proper operation of the antenna. The coaxial transmission 
line drops below the antenna for five or six feet before it is led aside to 
the radio equipment. Try and keep the Cobra clear of nearby leaves and 
branches, or metallic objects. A coaxial connector is placed on the far end 
of the transmission line and the antenna is ready for use. 


Section Eleven 


The Demi Quad Loop Antenna 


The Demi-Quad (D-Q) loop antenna is a compact and inexpensive array 
that may be held aloft by a single support. It has the same horizontal 
“figure-8” radiation pattern as the folded dipole but the physical length 
of the D-Q antenna is only about one-half that of the dipole. The D-Q is 
highly recommended for general purpose communications in the Citizens 
Service. The antenna provides about 10% stronger signal than the dipole 
yet is light enough to be supported by a “TV-type” rotator. The D-Q may 
be considered as a very simple beam antenna, requiring only a half turn 
for complete coverage of the compass. 


Antenna Assembly 


A complete D-Q antenna is shown in figure 11. It comprises a square 
loop of wire mounted in the vertical plane. A light bamboo frame is used 
to support the wire. The lower horizontal wire of the loop is broken at the 
center point for a transmission line and a simple balun transformer. 


30 ANTENNAS FOR CITIZENS SERVICE 


BAMBOO POLES 
REQ‘D EACH 
8 FEET LONG) 


@- U-BOLTS 
(8 REQ’D) BALUN ASSEMBLY 


MOUNTING 
BOLTS TO 150 OHM LINE 


75 OHM LINE 


VINYL TAPE 


ELECTRICAL 
ASSEMBLY 


ENDS OF Ms 
WIRE LOOP WIRE JUMPER BOTTOM 


INSULATOR 
Sos rps END OF ‘*t) CONNECT OTHER 
ALUN TO ONE WIRE ¥ FEEOLINE WIRE 
oF arin 4s AND TO INNER 
HEL CONDUCTOR OF 
Coax IAL plus COAXIAL PLUG 


BALUN ASS‘Y 


CLOSE-UP VIEW OF LOWER AP COAXIAL PLUG 
INSULATOR AND FEEDER JOINT 


TO RADIO 


Fig. 11 Demi-Quad is simple, compact Citizens Antenna. Components for con- 
struction are: 40’ of #12 enameled copper wire, four bamboo poles eight feet 
long. plywood plate (12”x12"x'2"), eight galvanized U-bolts 142” size (Kenco 
“Mast joiner,” or equivalent), glass insulator, random length 150 ohm “TV-type” 
line, 66” metallic braid (2° diameter), Belden #8669 or equivalent. 


The supporting frame of the antenna is made of four lengths of bamboo 
attached at their butt ends to a plywood center plate by means of galvanized 
U-bolts. Each pole is wrapped with vinyl plastic tape between the joints 
to enhance the strength and to retard splitting of the wood. In addition 
each pole is given two coats of waterproof varnish. Small holes are drilled 
as shown near the tips of each bamboo pole to pass the antenna wire 
which is threaded through the poles after assembly of the frame. Each 
end of the wire is cleaned and the ends are passed through the center 
insulator holes, wrapped back upon themselves and soldered. Enough ten- 
sion may be imparted to the wires to keep them taut by loosening the 
center U-bolts and spreading the butt ends of the poles a bit. 


THE DEMI-QUAD ANTENNA dl 


After the D-Q antenna is assembled the 150 ohm, two wire, TV-type 
transmission line may be attached to the ends of the loop. Strip the insula- 
tion from one end of the line for a distance of four inches and twist each 
wire around one of the loop wires as shown in the close-up view of figure 
11. Solder these joints and carefully wrap the top of the transmission line 
with vinyl tape for protection against moisture. Make sure that the bare 
wires of the transmission line cannot short each other with random move- 
ment of the line. A smart idea is to wrap each individual wire with a small 
piece of tape, covering the copper conductor up to the point it is soldered 
to the wire of the loop. 

The transmission line must be long enough to reach from the antenna 
to the position of the radio equipment. At the “transmitter end” of the line 
it is necessary to place a balun assembly to ensure proper electrical match 
to your radio equipment. The balun is made of a 6’6” length of 75 ohm, 
two wire, TV-type transmission line encased within a jacket made of a 
section of flexible, metallic braid. Construction of this simple balun follows 
the same procedure outlined for other antennas described in this Hand- 
book. One inch of insulating material is removed from the “top” end of 
the 75 ohm line, and each wire of the line is soldered to a corresponding 
wire of the transmission line. One connection is made and wrapped with 
vinyl tape, then the second connection is completed and taped. This double 
taping makes sure that the wires cannot short each other. The metallic 
braid is now cut to a length of six feet and slipped over the 75 ohm line. 
The “top” end of the braid should come to within an inch of the splice 
joint. The braid is now smoothed along the line and taped in position 
every six inches or so. The “bottom” end of the braid is trimmed off 
smoothly an inch above the end of the line. As described in a previous 
section, a short length of copper wire is wrapped around the braid and 
the joint is soldered. Before this operation is done you should wrap a short 
piece of vinyl tape about the line under the end of the braid to act as a 
heat insulator. If you do not do this, it is very easy to melt the polyethylene 
insulation of the line with the heat of the soldering iron. The vinyl tape 
will protect the plastic material while you complete the connection between 
the braided jacket and the wire. The last step is to solder the wire jumper 
to either one of the two wires protruding from the end of the balun. 

You are now ready to place the coaxial plug on the end of the balun 
assembly. The balun wire attached to the jumper lead must be attached 
to the shell of the coaxial plug, and the opposite wire of the balun is 
soldered to the center conductor of the plug. The only problem encountered 
is that of preventing the wires from shorting to each other while the con- 


nections are being made. It is wise to solder the “free” lead to the center 
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pin of the coaxial plug before you make the other connection. Wrap the 
wire carefully with a thin strip of vinyl tape, making sure that it is im- 
possible for the wire to short out to the shell of the plug. A short length of 
plastic “spaghetti” insulation slid over the wire will also do the job, Finally, 
solder the other lead to the shell of the plug, and wrap the whole joint 
with tape. 


Antenna Installation 


To prevent the weight of the transmission line from pulling the wire 
loop out of shape, a short piece of string can be used to tie the center 
insulator to the wooden supporting pole. If a metal pole is used, the in- 
sulator may still be tied to the pole, but care must be exercised to make 
sure the wires of the antenna do not touch the metal pole. 

The D-Q antenna is quite light and may be handled by one person. For 
fixed operation in one general direction the plywood plate can be bolted 
to the top of a guyed wooden mast made of “2 x 2” lumber. If it is desired 
to turn the antenna the centerplate can be bolted to two door hinges 
arranged one above the other on the pole. The free hinge plates are attached 
to the mast permitting the antenna to turn through nearly 180 degrees. 
Since the beam pattern is very broad—about 80 degrees effective—it is 
only necessary to turn the antenna through about 90 degrees to achieve 
full coverage of the compass. Two ropes attached to the lower crossarms 
will turn the array when a brisk tug is given to one. The ropes may also 
be used to hold the array in position so that it will not be whipped by 
the wind. 


Antenna Maintenance 


Bamboo tends to weather rapidly unless it is given a good coat or two 
of weatherproof shellac. The poles should be repainted when they show 
signs of weathering. With care, the framework should last several years 
even in a severe climate. Keep the insulator and transmission line clean 
of soot and dirt for best operation. 


Section Twelve 


A Beam Antenna for Citizens Service 


A beam antenna enhances reception and transmission in one direction 
at the expense of operation in other directions. It can be thought of as a 
“radio searchlight” except that the radio beam is not nearly as sharp or 
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Fig. 12 Three element beam is “tops” for Citizens band. Components for con- 
struction are: Three 10’ sections aluminum EMT conduit (%’ diameter), three 
10’ sections aluminum tubing (52” diameter), one wood dowel plug (5% diameter, 
14” long), four plywood plates (14x14"x2"), one length lumber (2”x2"x10’, 
well dried), misc. galvanized nuts, washers, and bolts. Small can waterproof 
varnish. Feedline components shown in figure 13. 
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as well defined as the beam of light. Rather, the radio beam takes the form 
of a broad, bulbous lobe having a width of fifty to eighty degrees in front 
of the antenna. A beam antenna actually provides power gain that is avail- 
able for both transmission and reception. A simple beam produces a power 
gain of three or four while a more elaborate array can give a power gain 
of ten compared to a dipole. Best of all, the gain is also available when 
the antenna is employed for receiving purposes. As the equipment of the 
Citizens Service is severely restricted in transmitting power it is of the 
most importance that the useable power be radiated in the proper direction 
and be given the best possible “boost” by the antenna system. 

The beam antenna described in this section provides the highest gain 
per unit of size of any common antenna. It is characterized by low cost 
and rugged construction. The “three element beam” has become the standard 
“antenna of comparison” in the radio amateur service, and is also gen- 
erally used by point-to-point services and the Armed Forces. A complete 
study of the design, theory, and construction of this outstanding type of 
antenna is given in the Beam Antenna Handbook published by Radio Pub- 
lications, Inc., Wilton, Conn. and available at most large radio supply 
houses. 

A beam antenna of this type is highly recommended for the Citizens 
Service. In addition to providing reasonable signal gain in the desired 
direction the beam will also reduce the strength of interfering signals that 
come in from the back and sides of the antenna. By this selective action 
unwanted signals will be reduced in strength and the desired signal will be 
enhanced provided there is a difference in direction between the wanted 
and unwanted signals. 

Described in this section is an easy-to-build three element parasitic beam 
that provides a power gain of six. It is inexpensively constructed of com- 
mon materials and requires no tuning adjustments. For general coverage 
the array may be turned by means of a heavy duty “TV-type” rotator. 
Mounted high and in the clear this beam will provide excellent communi- 
cation performance for the Citizens Service. 


Antenna Assembly 


The complete three element beam for Citizens Service is shown in figure 
12. It is designed for optimum operation on any of the Citizens Service 
channels in the 27 megacycle frequency region. The antenna consists of 
a dipole (D) fed at the center with a balancing and matching system (seg- 
ments A and B). These in turn are attached to a 52 ohm coaxial transmission 
line. Two parasitic elements are used in this array, a director (E) and a 
reflector (I). The physical lengths of these elements are present to provide 
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optimum power gain consistent with maximum signal rejection from the 
back and sides of the array. All elements are constructed of sections of 
electrical aluminum conduit (34” diameter aluminum EMT tubing, or 
equivalent). The sections of tubing are supported by a boom made of a 
nine foot length of “two-by-two” lumber. The antenna is mounted with the 
elements parallel to the ground and the direction of use is in line with the 
boom through the director element as shown. 


Element Construction 


The reflector and director elements are made first. As the aluminum 
conduit is manufactured in ten foot pieces it is necessary to extend the tips 
of the tubing to reach the proper length. The tubes are cleaned of dirt and 
scale and short inserts of clean telescoping aluminum tubing (54 diameter ) 
are thrust in each end of the elements and the exposed portion of the 
insert is varied until the correct over-all length is obtained. Make sure that 
equal portions of the inserts are exposed to preserve the symmetry of the 
element. If the fit of the tubing is “sloppy” it will be necessary to slip thin 
shims of scrap aluminum between the tubes until a firm joint is achieved. 
Two holes are now drilled through each joint which is pinned in position 
by galvanized nuts and bolts passed through the holes. As a final step wrap 
the joints with a layer of vinyl tape to protect them from moisture. 

The driven element is made in the same manner except that when com- 
pleted it is cut in half and the two sections are driven onto a round plug of 
wood 14” long which acts as an insulator and support for the two halves 
of the element. Dowel rod can be obtained in many large hardware stores 
or a section of broomstick whittled to size may be used. The two halves of 
the dipole are pinned to the plug by means of galvanized nuts and bolts 
passed through holes drilled in the center assembly. The exposed portion 
of the plug is given several coats of waterproof varnish, and all elements 
are given a coat of aluminum paint to retard attack of the metal by salts 
and moisture in the atmosphere. 


The Framework 


The supporting structure (B) of the antenna is made of a nine foot 
length of “two-by-two” lumber. Chose a section that is dry, straight, and 
free of knots or splits. Sand the wood and give it two coats of waterproof 
varnish before you start assembly. The elements are held to the boom by 
means of triangular mounting plates (M) made of plywood as described 
in section Seven of this Handbook. The plates are cut fourteen inches on 
a side and are given two coats of waterproof varnish. Take care to seal 
the edges of the plate with the varnish to prevent moisture from entering 
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between the layers of wood. The plates are bolted to the center of each 
element using galvanized hardware. In the case of the dipole, the center 
bolts holding the wooden plug may also be used to mount the element to 
the triangular plate. The plates in turn are bolted to the wooden boom. 
Reflector and director elements are mounted at the ends of the boom and 
the dipole element is placed in the center of the structure. When the assembly 
is completed crush the threads on the ends of the bolts with a hammer 
to prevent the nuts from working loose in a heavy wind. 

The foregoing operations should take place in an open yard or driveway 
where flat space is available to lay out the boom and the elements in their 
proper relation to one another. Use care in your assembly to make sure 
that all elements lie in the same plane so that the finished beam will present 
a neat, workmanlike appearance. 
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Fig. 13 Matching transformer (A) is attached to center terminals (G & H) of 
driven element of beam (figure 12). Wrap connections with vinyl tape. Bottom 
of (A) is attached to wires of balun (B) and transmission line (C) as shown at 
right. Shields of balun and coaxial line are connected together, but no connec- 
tion is made between shields and matching transformer. Cover joint with vinyl 
tape after connections are made. Components for construction are: One length 
75 ohm “TV-type” ribbon line 6’6” long (Belden #8222), sufficient 52 ohm coaxial 
line to make (B) and (C). Use RG-8/U or RG-58/U. 
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The Feedline and Matching Network 


After the antenna is assembled it is time to turn attention to the feed 
system (figure 13) consisting of a matching transformer (A), a balancing 
unit (B), and the coaxial transmission line (C). Items A and B assure that 
efficient energy transfer takes place between the transmission line and the 
antenna. Assembly of these items is a simple task if done properly. 

The Matching Transformer. (A). This transformer consists of a 66” 
length of two wire 75 ohm “TV-type” ribbon transmission line. Each end 
of the line is stripped of insulation for a distance of 1144” inches and the 
four exposed wires are tinned with a soldering iron. The two wires at one 
end of the line are attached to the center bolts (G and H) of the dipole 
element (D). Care should be taken that a good electrical connection exists 
between the bolts and the aluminum tube. All paint is removed from the 
tubes beneath the bolt and nut, and the surfaces of the tubes are thoroughly 
cleaned with sandpaper. When completed, the connections are wrapped 
with vinyl tape. The opposite end of the transformer is connected to assem- 
blies B and C. 

The Balancing Unit (B). The balun transformer is made of a 12’6” 
section of 52 ohm coaxial line. Three inches of the outer vinyl insulation 
is removed from each end of the line and the exposed braid is made into 
“pig tails” as discussed in previous Sections. Next, the inner jacket is 
removed from the center conductors for a distance of two inches. One end 
of the 52 ohm transmission line is prepared in a similar manner. 

Assembling the Units. The balun is coiled into a roll about a foot in 
diameter, with the ends laying close to each other. It is taped to hold it 
in this position. Next, each end of the inner conductor of the balun is 
soldered to one of the wires of the matching transformer (A). The inner 
conductor of the transmission line (C) is now soldered to one wire (either 
one) of the matching transformer. These joints are wrapped with vinyl 
tape. The ends of the coaxial lines are also taped. The last step is to twist 
all three “pig tails” together, solder them securely and trim them short. 
Tape this joint to prevent the “pig tails” from touching the other wires or 
connections. 


Erecting the Antenna 


The antenna is now ready to be placed in the operating position. If a 
TV mast and rotator are used, the boom of the antenna can be bolted to 
a triangular plywood mounting plate (T) which in turn is clamped to the 
supporting pipe by means of “TV-type” U-bolts. To prevent the weight of 
the balun and transmission line from damaging the matching transformer 
the balun should be taped to the boom of the antenna directly below the 
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dipole, allowing the matching transformer (A) to swing in a loop beneath 
the antenna. The weight of the transmission line may be taken care of by 
fastening the line to the tower with tape or string. Enough slack should 
be left in the line so that the antenna may be retated through a full circle 
without fouling the cable. 


Antenna Maintenance 


The beam antenna requires little care or maintenance once it has been 
erected in position. If there is a high degree of industrial fumes, salt spray, 
or moisture in the atmosphere it will be necessary to lower the antenna and 
repaint the aluminum elements every year or so. Deterioration of the 
coaxial transmission line is not a problem as long as the outer sheath of 
the line is not punctured, and as long as the ends of the line are sealed 
against moisture. 

It must be remembered that an antenna of this size has a fair amount 
of wind resistance, and large forces work against the elements and the 
boom in a storm. Past experience with antennas of this type has shown 
that the antenna will withstand the forces of the winds best when the tips 
of the elements are positioned into the wind, that is, the wind blows broad- 
side against the boom. 


Using Your Beam Antenna 


In use, the beam is “aimed” in the direction of the station you wish to 
communicate with. If this direction is unknown it is possible to peak the 
antenna on the station by merely listening to the station and swinging the 
beam until maximum signal strength is achieved. 

If it is desired to communicate in a certain direction, the boom of the 
antenna (B, figure 12) is “aimed” in that direction with the director for- 
ward of the dipole as shown in the illustration. If general coverage operation 
is desired, some means of rotating the beam antenna is required. A “TV- 
type” rotor may be used for this purpose. Some of the better rotors have 
a compass indicator showing the exact heading of the beam. 

A less expensive installation may be made by attaching the beam to the 
supporting structure by means of two heavy strap hinges mounted in line 
one above the other. The beam can swing about the support on the hinge 
mount. Ropes tied to the extremities of the boom are used to hold the 
antenna in the desired direction. The beam may be turned to a new heading 
by pulling on one of the ropes. 

Proper maintenance of your antenna will result in trouble free operation. 
Keep the wood parts well painted, and check all metal parts and fittings 
for rust and corrosion. A coat of aluminum paint will lengthen the life of 
metal parts. 
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Section Thirteen 


A High Gain Citizens Band Antenna 


The three element beam described in section eleven of this Handbook 
can be easily modified to provide the ultimate in power gain for an array 
of this type. In the original state this antenna provides a power gain of 
8.5 decibels (a power gain of about seven). With the addition of two extra 
director elements to form a five element array, the power gain is boosted 
to about 10.5 decibels (a power gain of nearly twelve). This means that 
the five element beam will make a 5 watt Citizens transmitter sound like a 
60 watt transmitter at the distant point of reception! For operation over an 
extreme range, over mountainous terrain, or under conditions of heavy 
interference, this antenna will “deliver the goods.” 


Antenna Assembly 


The five element beam is constructed in the same manner as the three 
element beam shown in figure 12 except that a metal boom is employed, 
and two additional director elements are added to the configuration. The 
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Fig. 14 Five element beam provides maximum power gain for Citizens Service. 
General design of figure 12 is followed, except boom is made of metal for extra 
strength. Added components are: Two ten foot sections aluminum EMT conduit 
(34"" diameter), two ten foot sections aluminum tubing (5 diameter), metal 
boom (see text), two plywood plates (14”x14"x!2"), four U-bolts. 
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new element lengths are given in figure 14. A metal boom is required for 
extra strength and to prevent the antenna from swaying in a heavy wind. 
The boom is made of two pieces of “T-type” telescoping antenna mast 
sections as shown in the illustration. For this particular antenna Allied 
Radio Co. type 98-CZ-367 mast sections were used. These heavy-wall 
seamless steel sections are electro-galvanized for long life. Other similar 
mast sections may be employed. 

The two sections are slipped together and bolted in position with two 
#10 galvanized machine screws, nuts, and washers to form a twenty foot 


boom. A single top-guy runs the length of the boom to a short center strut, — 
providing vertical bracing to the array. The guy is made of galvanized — 


iron wire and is broken in two places by ceramic strain insulators. The 
strut is a two foot length of 14-inch water pipe, screwed into a mounting 
foot bolted to the triangular mounting plate (M) of the center element. 

All elements must be insulated from the metal boom. This is accomplished 
by the plywood mounting plates, each of which is held to the boom by 
means of two galvanized U-bolts. Make sure the element mounting bolts 
do not touch the boom or that the U-bolts do not touch the elements and 
all will be well. 

The elements are spaced evenly along the boom, allowing almost five 
feet separation between the elements. When the assembly is complete it 
may be balanced by hand to find the exact center of gravity which will fall 
somewhere near the first director (E). The mounting plate (T) is affixed to 
the metal boom at this point with the aid of two U-bolts. No harm is done 
if the metal boom is actually clamped to a metal supporting structure or 
mast, as the boom has no electrical connection to any active antenna 
elements. 

The matching system and feed line shown in figure 13 may be used 
directly with the five element beam with no alterations. Since the driven 
element (D) is mounted off-center, the matching transformer (A) should 
be allowed to drop down beneath the antenna without touching the metal 
boom. The junction of the balun (B) and the transmission line may be 
taped to the supporting structure, allowing the transformer to swing about 
the tower as the antenna is rotated. 

As this antenna is fairly large it develops considerable inertia during 
rotation. In addition, the surface area of the antenna produces a high level 
of torque at the supporting shaft during a heavy wind. The usual inexpen- 
sive “TV-type” rotor will not stand up long under such abuse. A heavy duty 
rotor, such as the Cornell Dubilier type HAM-M is recommended for use 
with this array. 
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HOW TO OBTAIN 
YOUR CITIZEN RADIO LICENSE 


Have your own radio station! No examination! No code test! 
Now! In one all-new Handbook—complete information about the 
Citizens Radio license! How to apply for your Citizens license! A 
sample license form with helpful information to aid your application! 
Reprints of portions of F.C.C. “Part 19” rules and regulations 
governing Citizens Radio Service and portions of “Part 15’ cover-— 
ing low power unlicensed Service. This Handbook contains all you 


need to know to obtain your Citizens Radio license! Price: $1.00 


INSTALLATION AND OPERATION OF 
YOUR CITIZENS RADIO STATION | 


Proper installation and adjustment are the key to frst 
class performance of your Citizens Radio station! This 
all-new Handbook covers antenna installations, station 
tuning, and correct operating procedures. Complete st 
of “Q” and “Ten” codes used for rapid communications 
on the Citizens channels! Easy-to-follow instructions for 
efficient Citizens station installation! All the important 


information that will make your Citizens station work <! 
Price: $1.00 


ANTENNAS FOR CITIZENS RADIO SERVICE 


Your Citizens radio station is no better than the antenna! 
The 5-watt power limit imposed on this service reduces 

it to a toy unless you employ an efficient antenna system 

that will radiate all your power! Featuring build-it-your- 
_ self antennas for the Citizens Radio Service, this all-new 

Handbook shows you how to construct efficient low cost 
— antennas that will make you ‘top signal” on the channel! 
; Ground plane antennas! Self-supporting antennas! A 
_ high gain beam antenna! Complete easy-to-follow as- 
_ sembly information! Price: $1.00 — 
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